Isolation and functional characterization of alpha-smooth muscle actin expressing cardiomyocytes from embryonic stem cells.
Early mammalian heart development is characterized by transient expression of alpha-smooth muscle actin (Acta2). To date, cardiomyocytes expressing Acta2 in the early stages of in vivo development have not been characterized. To functionally characterize Acta2-expressing cardiomyocytes, we used a transgenic ES cell line expressing both the puromycin acetyl transferase (Pac) and enhanced green fluorescent protein (EGFP) cassettes under the control of the Acta2 promoter. The onset of Acta2 expression occurred in parallel with the appearance of beating areas, indicating the formation of cardiomyocytes. Antibiotic selection resulted in a high yield of cardiomyocytes and smooth muscle cells. The green fluorescent beating areas stained positively for multiple cardiomyocyte markers. Comparative electrophysiological analysis including fetal and alpha-MHC-expressing ES cell-derived cardiomyocyte controls showed that Acta2-positive cardiomyocytes contained pacemaker-, atrial- and ventricular-like phenotypes. Interestingly, the proportion of ventricular-like cells was much higher in the Acta2-positive cardiomyocytes population than in control alpha-MHC-expressing cardiomyocytes (75 % and 12 %, respectively). The findings of the present study provide a novel approach for the identification and enrichment of Acta2-positive cardiomyocytes, especially of the ventricular phenotype under in vitro conditions.